INTRODUCTION
This paper will discuss requirements for a data-processing system in clinical laboratories, describe an existing system, and present in detail a number of information-retrieval techniques. The basic data-acquisition system is punch card-oriented; the retrieval systems are computer-oriented. The reasons for laying stress on retrieval systems will be discussed.
LABORATORY SYSTEM REQUIREMENTS
An electronic data-processing system which is to be used to acquire and process data in a hospital clinical laboratory should satisfy certain basic requirements. First, it must not interfere with the conduct of good laboratory procedures nor constrain or alter the output statements (reports to the patients' charts). Second, a laboratory data-handling system must produce a "machinable" document, e.g., punch card, perforated paper-tape, or computer-compatible magnetic tape. Third, the system should be so designed that the data collected are current and accurate. Fourth, employment of electronic data-handling techniques should be more or less cost-justified.
I A contribution to the symposium "Information Science" held at the Annual Meeting of the American Society for Microbiology, Washington, D.C., 4 Another way of expressing these requirements is to state that an ideal laboratory data-handling system would be totally integrated into the process of creating the original data, would not constrain the laboratory technologist nor cost too much money, and would contribute positively in some ways to the operation of the laboratory. No known system fulfills all of these requirements. Nonetheless, a system which has been operating at the University of Missouri for over 18 months will be described. The system was designed with full knowledge that existing equipment did not permit a perfect system.
PUNCH-CARD-TELETYPE SYSTEM AT THE
UNIVERSITY OF MISSOURI The technical details of this system have been described (5) . A brief operational view of the system is presented below. This system is a truly integral part of the hospital functions; there is no way besides this electronic processing system for the sending of reports to the charts of inpatients from the laboratories of bacteriology, serology, or clinical chemistry.
As each patient is admitted to the hospital, a deck of 30 identical punch cards is created and accompanies him to his hospital ward location. Each card carries in printed and punched form all data required to identify him and his hospital location. Requests for laboratory service are written on the cards and accompany the clinical specimens through the laboratories.
Each of the three laboratories has "tub files" of prepunched cards which contain printed and punched statements which make up the substituent portions of a normal laboratory request. The cards include a full English-language alphanumeric statement and also an appropriate numerical computer-coding (Fig. 1) . The cards were designed so as to mirror the terminology in use during the days of manual transcription of results.
Truly variable numerical results, e.g., chemistry laboratory results, are written onto the patient's punch-card by the technologist and made machinable by keypunching into the card. In the bacteriology and serology laboratories, the only results which cannot be prepunched and which must be entered as variable data are the "R" and "S" of disc-agar diffusion sensitivity to antibiotics and the 10 characters reflecting Lange colloidal gold precipitation curves on cerebrospinal fluid.
After the technologist and laboratory secretary have selected the appropriate prepunched cards to make up a "report," the variable information is entered into the deck by keypunching. The deck of cards is now complete. All of the information of the clinical report is now in machinable form. In the clinical situation, however, data acquisition is only half of the problem. Dissemination of the laboratory "report" is accomplished by reading the punch-card deck through an International Business Machines (IBM) 1912 card-reader and thereby activating a Teletype Corp. ASR 28 transmitting device. The final "hard copy" of the "report" is printed at the appropriate hospital ward location on a teletype R028 receiver.
The punched cards are then read into the hospital computer system (IBM 1410), and the data are recorded on magnetic tape.
Acquisition and transmission of the data have been accomplished without a computer. The function of the laboratory secretary has been redefined, but the technologist has not been constrained in any way. The "report" which has been printed at the patient's hospital location is somewhat more formal than the previous handwritten ones, but it is legible, spelled correctly, and consistently formatted. Delivery of the "report" is rapid. DATA 
RETRIEVAL
The system just described has satisfied many of our initial requirements. One should not forget, however, that the proof of the value of a procedurally complex, English-language data-handling system is not the beauty of the printed output document. The proof lies in the retrievability of data.
The remainder of this paper will describe various computer techniques developed in this laboratory for search and retrieval from the files created by the card-teletype system. The dilemma is, of course, that the individuals who design such a retrieval system will have to anticipate the needs of other individual users of the files. Data retrieval is always oriented to the needs and nature of the inquirer.
In the case of the routines described below, there are two objectives in inquiry: first, to enhance the education of medical students and residents in the School of Medicine, and, second, to help residents to improve the quality control mechanisms of the laboratory. All of the techniques described below have been used successfully by both groups. In addition to the computer-inquiry routines, printed tabular listings of the files are extremely useful because they can be studied in private and at leisure by students and residents. These listings are described elsewhere (4) .
Remote Inquiry Routines The two following routines are designed so that the inquirer utilizes an input-output typewriter (IBM 1014) which is located in the student-teaching laboratory remote from the computer. Actually, it can be placed at any location at which an ordinary telephone connection exists.
"SHOW MUE" inquiry routine. Figure 2 illustrates the query entered by the student. The underlined statements were entered by the student. The remaining portions of the dialogue were the computer responses. "SHOW ME" causes the computer monitor system to bring in this program off the 1301 Disc File into core. The number "6913" is the computer code for the determination of serum sodium; the student had looked up the number in a tabular listing of procedures. The program then searched the magnetic-tape file, calculated, and then displayed the numerical high and low value, arithmetic mean, and standard deviation for its 5,698 sets of serum sodium determinations. This "routine" answers questions frequently posed to the laboratory director. One should utilize the above analysis of the mean and standard deviation of patient data only in the light of certain additional observations developed in a later section of this paper. For the moment, let us merely consider that the "SHOW ME" routine gratifies many inquirers, including the laboratory directors.
"CASE" injury routine. Another inquiry routine, often used by the student subsequent to the "SHOW ME" routine, is called "CASE." There is no question of the intellectual justification for this procedure, since it is merely a caseretrieval mechanism. The student is directed towards reading one or more patient records for a complete appraisal of the case. This process is an exceedingly important part of medical education. The computer system merely provides a means of selecting the particular case from the thousands available.
In the "CASE" routine, the inquirer has the opportunity to request the patients' hospital unit numbers when the results of the determinations fall above or below a value which he specifies. The device for entering his request is called a "mask." This is illustrated in Fig. 3 whose serum sodiums were more than 155 meq/liter. On the left are the patients' unit numbers; on the right, the results of serum sodium determinations which yielded results greater than 155 meq/liter. As in Fig. 2 , the underlined statements were those entered by the inquiring physician or student.
Card-Initiated Computer Search Routines This group of inquiry routines requires that the question be asked at the site of the computer. The program itself is placed in core by "reading" in a deck of cards (or else it is called in off the 1301 Random Access Disc Memory). Then the questions are "read in" off ordinary punch cards.
Card-initiated search of chemistry data. Completing a single punched card as an inquiry document will permit search of the tape file and production by the high-speed printer (model 1403) of the type of listings illustrated in Fig. 4 and 5.
In Fig. 4 the inquirer asks for a listing of the results of any given laboratory determination, viz., the serum electrolytes. These are presented in results fields one through four in the order cited in the first line of the heading, namely, sodium, potassium, chloride, and bicarbonate. Figure 4B shows the last print-out sheet for this inquiry, which recapitulates the search. Thus, 5,698 serum sodium records were found, 5 ,280 of these were for persons over 16 years of age; 62 serum sodiums fell between 150 and 155 meq/liter; and only 52 records met all the specifications of the search.
In Fig. 5 Fig. 4 and 5.
Card-initiated search of bacteriology data. Search of bacteriology files inevitably is oriented either to isolates of a given microorganism or to isolates of a given microorganism from certain specific sites in the human body. Examples are shown in Fig. 6 and 7. The questioner selects one or more prepunched cards from a deck which describes all possible "results" messages. Use of these "results" cards causes a search of the tape files and produces a listing of the total number of such isolates, along with an analysis of the antibiotic sensitivity of the microorganisms tested. In Fig. 6 Fig. 9 . This figure has been redrawn from the computer-generated graph for better reproduction.
Two things are apparent. First, the frequency distribution of the results of determinations of serum sodium on patient samples appears at first glance to resemble a natural or normal distribution. Second, determinations falling between 148.6 and 121.5 meq/liter will include 95% of the sample population. It is tempting to conclude that this range, being the portion of the frequency distribution delineated by the mean plus and minus two standard deviations, would necessarily constitute the "normal range." Had our results derived from a "normal" population, this would be the case. Unfortunately, hospitalized patients represent an ill population. Consequently, the limits which include 95% of this population are somewhat higher on the upper end (148.6) and distinctly lower (121.5) than one ordinarily associates with truly "normal limits." The frequency distribution analysis as presented here is done easily. The range derived, however, must be considered "usual for the hospital" rather than "normal."
Attempts have been made in the past (by use of other statistical analyses) to derive the range of "normal" out of hospital data derived from abnormal populations (2, 3 (1) helps to establish whether the chi square value for the corresponding number of intervals is within the range corresponding to a normal distribution. The distribution of values of serum sodium observed in our patients' data yielded a chi square value of 370. With a normal curve (of our mean and standard deviation), 99.5% of the chi square values must be less than 23.59. Ours is not; P is less than 0.005. Consequently, the observed frequency distribution of the 5,698 sets of serum sodium determinations is not in a normal distribution, contrary to its appearance. One cannot, therefore, describe the distribution meaningfully by giving its mean and standard deviation, because the curve is skewed. In effect the remote inquiry routine "SHOW ME" first described above presents some useful and valid data but is not entirely forthright. The standard deviation value does not accurately describe this abnormal distribution of results. The computeroriented laboratory data-processing system has provided increased facility for the collection and retrieval of data. But its facility has now accentuated the need for valid new statistical approaches to abnormal frequency distributions.
SUMMARY
The requirements for a hospital laboratory data-processing system are discussed. A system is described as a partial solution to this problem. Its major utility lies in capturing the daily output of three clinical laboratories, viz., bacteriology, serology, and chemistry.
Employment of computer retrieval routines to search and evaluate the hospital laboratory data so derived is described. These searches and evaluations are extremely important because they represent use of the data, the prime justification for such a system in addition to the obvious immediate uses in direct patient-care.
The facility with which one can now search and retrieve laboratory data makes it essential that careful attention be paid to basic mathematical considerations. Hospital data are derived from an abnormal population. It is now more than ever desirable to seek valid new statistical approaches to deal with derived skew distributions.
